T he diurnal blood pressure (BP) pattern may be one important factor associated with target-organ damage from hypertension. Studies have suggested that adults with lack of the normal diurnal fall in BP (nondippers) have greater left ventricular mass and urine microalbumin than those with the normal nighttime fall in BP (dippers). 1, 2 It is unknown, however, if lack of diurnal BP fall is a cause or effect of target-organ damage. The study of the diurnal BP pattern at a young age or prior to the development of hypertensive target-organ damage may help to answer this question.
Studies suggest that the early stages of target-organ disease are relatively common in children and adolescents with essential hypertension. 3 Left ventricular hypertrophy and hyperfiltration were reported in 36% and 49%, respectively, of 88 children, aged 6 to 23 years, with essential hypertension at one pediatric center. 3 Other renal abnormalities seen in adults with essential hypertension include microalbuminuria and reduced renal functional reserve (RFR). 4, 5 Although few studies have evaluated urine microalbumin (Malb) in adolescents with essential hypertension, elevated levels of Malb have been reported in young adults with this disease. 6 One study in normotensive children found greater levels of Malb (though in the normal range) in children whose parents had essential hypertension, compared to those with normotensive parents. 7 These children also had reduced RFR, measured as the change in creatinine clearance (Clcr) in response to a protein load.
The purpose of this study was to determine whether hypertensive adolescents with left ventricular hypertrophy have a smaller diurnal BP fall than normotensive or hypertensive adolescents with normal left ventricular mass. In addition, we evaluated the frequency of microalbuminuria, hyperfiltration, and reduced renal functional reserve in adolescents with normal BP and untreated borderline or mild essential hypertension.
METHODS
Sixty-nine subjects, aged 10 to 18 years with normal or elevated BP, were prospectively recruited to participate in this study. Thirty-seven subjects, recruited from the community, were normotensive (NT) with casual BP readings below the 90th percentile for age and gender. 8 An additional 32 subjects recruited from the outpatient Hypertension Clinic at Arkansas Children's Hospital had untreated borderline or mild essential hypertension (HT) defined as a systolic or diastolic BP Ͼ 90th percentile on at least three occasions in the prior 3 months. Secondary causes of hypertension were excluded in the latter group by history, physical examination, urinalysis, and serum chemistries. Renal ultrasound with Doppler imaging was normal in 26 of the 32 hypertensive subjects. This study was not felt to be indicated in the remaining 6 hypertensive subjects. Subjects with symptomatic hypertension requiring immediate treatment, a history of cardiac arrhythmias, bleeding disorders, thrombocytopenia, pregnancy, or Ն 1 ϩ urine protein on dipstick (Ames Multistick, Miles Inc., Elkart, IN) were also excluded. The study protocol was approved by the Human Research Advisory Committee of the University of Arkansas for Medical Sciences and parental consent and subject assent to participate in the study were obtained.
Echocardiography for Left Ventricular Mass
Subjects were studied by M-mode echocardiography using an Acuson 128XP (Acuson Corp., Mountain View, CA) instrument. Measurements were obtained in the short axis view at the apex following American Society of Echocardiography recommendations for left ventricular (LV) internal dimension in diastole (LVIDd), LV posterior wall thickness (LVPW), and interventricular septum (IVS) thickness. 9 Three measurements were made of each dimension and the average used for calculation of left ventricular mass using the formula reported by Devereux et al 10 and validated by anatomic measurements in the pediatric age group.
11
Blood Pressure Measurement Ambulatory BP was measured with the SpaceLabs 90207 oscillometric monitor (SpaceLabs Inc., Redmond, WA). This monitor (version 02.11.19) has been evaluated in children. 12 The monitor was programmed to record BP every 15 min from 08:00 to 21:00 and every 30 min from 21:00 to 08:00. If the monitor failed to obtain a reading another attempt was made after 2 min. Cuff size and tubing length was adjusted for body size and autoedit criteria used as described previously. 12 The mean of three auscultatory BP readings obtained using a standard mercury manometer (W.A. Baum Co., Copiague, NY) at the time of monitor placement was used to determine the casual BP level. The level of activity just prior to each daytime reading was recorded in the subject's diary in one of the following 12 categories: lying down, sitting-relaxing, sitting-talking, sitting-working, eating, standing, standing-working, walking slowly, walking fast, running, lifting/carrying a load, or climbing stairs. 13 These activities were assigned a value from 1 to 12, respectively, and averaged to determine the subject activity score.
h Urine
Urine for measurement of creatinine, sodium, and albumin was collected during the ambulatory BP monitoring period in separate daytime and nighttime containers. Serum creatinine was obtained by venipuncture upon return of the urine collection. Serum and urine creatinine and urine sodium were measured by the hospital clinical laboratory. Urine albumin was measured by radioimmunoassay (Endocrine Sciences, Calabasas Hills, CA). A total creatinine excretion Ն 15 mg/kg/24 h was required for inclusion of 24 h urine results in the analysis as a valid collection.
14 Renal Functional Reserve Renal functional reserve (RFR) was measured using 1 h clearances of creatinine obtained during water diuresis (20 mL/kg total), before (Period 1), and for 2 h after (Periods 2 and 3) a test meal. The meal consisted of cooked lean hamburger meat to supply 1.5 g protein/kg body weight (116 g protein maximum) and contained Ͻ 0.2 mEq/kg of sodium. Serum creatinine was obtained by venipuncture at the beginning of Period 1 and between Period 2 and 3. Urine was collected by voluntary voiding at the end of each period. 15, 16 Analysis At the end of each 24 h period each monitor was downloaded to an IBM-compatible computer using SpaceLabs 90219 interface (ver 3.03.27) software. Data were then transferred to SPSS (ver 6.1) (SPSS Inc., Chicago, IL) for calculation of mean 24-h, daytime, and nighttime systolic BP, diastolic BP, and mean arterial pressure (MAP). Mean values were calculated from interval pressures weighted for time to adjust for unequal time intervals between readings. Systolic and diastolic BP load was calculated as the percent of readings exceeding the 95th percentile for age, gender, and height percentile during each period. 17 Daytime and nighttime was determined individually for each subject from reported sleep and waking times. Diurnal change in BP was calculated by subtracting the mean nighttime from mean daytime systolic, diastolic, and mean BP. In addition, this day-night difference was also expressed as a percent of the daytime systolic, diastolic, and mean BP. Cusums and cusum-derived statistics were calculated using SAS software (SAS Institute Inc., Cary, NC) as described elsewhere. 18 Briefly, this method involves subtracting the timeweighted mean 24 h BP from each successive BP measurement, adding these deviations (adjusted for the length of the preceding time interval) and plotting the resultant cumulative sum against time. The cusumderived crest BP is the highest time-weighted pressure sustained for any 6 h interval during the monitoring period. Similarly, cusum-derived trough BP is the lowest mean pressure sustained during any 6 h period. The cusum-derived circadian alteration magnitude (CDCAM) is calculated by subtracting the cusum-derived trough from the crest pressure. The cusum plot height (CPH) is the difference between the maximum and minimum values of the cusum plot, representing extent and duration of circadian variation.
Left ventricular mass was indexed (LVMI) for height cubed and compared to the normative data proposed by Daniels et al 19 in order to categorize those HT subjects with a normal LVMI (Ͻ 90th% value of 32.1 g/m 3 ) as the HT-1 group and those HT subjects with a LVMI above this value as the HT-2 group. As all NT subjects had LVMI Ͻ 90% for children and adolescents, further classification of this group was not required. HT-2 group characteristics were compared with NT and HT-1 by analysis of variance and Student-Newman-Keuls test for continuous variables and 2 analysis for categorical variables. Analysis of covariance was used to compare ambulatory BP levels, loads, and patterns, echocardiogram measures, and 24 h urine values between groups with adjustments for gender, race, and body mass index (BMI). Group data are expressed as the unadjusted mean Ϯ SD. The level of significance for all statistical tests was P Ͻ .05. Prior to study initiation, sample size was calculated to find a difference in diurnal BP fall between groups of 5% with 90% power. Micoalbuminuria (Malb) was defined as urine albumin excretion Ͼ 15 g/min during the night-time period. 20 Hyperfiltration was defined as creatinine clearance (Clcr) on 24 h urine collection of Ͼ 120 mL/min/1.73 m 2 to ease comparisons with prior reports in the literature. 
RESULTS
Sixty-two subjects, 33 NT and 29 HT, successfully completed the study. Seven others were excluded (4 NT) who withdrew or had Ͻ 80% successful readings during the ambulatory BP monitoring period. All 33 normotensive (NT) and 19 hypertensive (HT-1) subjects had normal LVMI. Ten hypertensive subjects (HT-2) had elevated LVMI Ͼ 90% of 32.1 g/m 3 . As shown in Table 1 , no significant differences were present between groups for age, gender, race, or height. HT-2 subjects had significantly greater weight, body mass index (BMI), and casual systolic and diastolic BP compared with the NT group, but did not differ from HT-1. HT-2 subjects reported an earlier bedtime Differences in ambulatory BP level and load were evaluated by analysis of covariance with adjustments for gender, race, and BMI. As shown in Table 1 , HT-2 subjects had higher 24 h, daytime, and nighttime systolic BP levels and 24 h and daytime systolic BP loads compared with NT, but not compared with HT-1 subjects. On analysis of nighttime systolic BP load, signif-icant group by gender and group by race interactions were present (P Ͻ .05). Due to the resultant small number of subjects in each group by gender and by race classification, no statistical comparisons were performed. Ambulatory 24 h, daytime, and nighttime diastolic BP levels and 24 h and daytime diastolic BP loads were greater in HT-1 compared to HT-2. NT and HT-2 groups differed in the 24 h diastolic BP level. Activity scores did not differ between groups, at 4.0 Ϯ 0.6 for NT, 3.6 Ϯ 0.7 for HT-1, and 4.1 Ϯ 1.0 for HT-2.
Absolute and percent day-night systolic and diastolic BP fall and cusum derived measures of diurnal BP variation are shown in Table 2 . No differences were present between groups for absolute and percent systolic and diastolic BP fall. Systolic cusum plot height was significantly higher in HT-2 subjects in comparison with NT, but not HT-1 subjects. Cusum derived systolic and diastolic CDCAM did not differ between groups. Systolic crest and trough BP were lower in NT, at 123 Ϯ 9 and 104 Ϯ 8 mm Hg, compared to HT-2 subjects, at 139 Ϯ 10 and 121 Ϯ 12 mm Hg (P Ͻ .005).
As expected, M-mode echocardiogram measures including left ventricular mass and LVMI were greater in HT-2 than HT-1 and NT groups, as seen in Table 3 . Nocturnal ambulatory systolic BP was correlated most closely with LVMI (r ϭ 0.41, P ϭ .001), as shown in Figure 1 . Casual systolic and diastolic BP, and ambulatory 24 h and daytime systolic BP were also correlated with LVMI (r ϭ 0.32 to 0.40). Ambulatory diastolic BP was not correlated with LVMI. Absolute or percent day-night systolic and diastolic BP fall and cusum derived systolic and diastolic CPH or CDCAM did not correlate with LVMI. Figure 2 compares LVMI by percent daynight systolic BP fall for each group.
Twenty-four hour creatinine clearance, urine sodium, and urine albumin excretion results are summarized in Table 3 for the 55 subjects with valid urine collections. No differences were noted between groups for mean 24 h Clcr, and 24 h, daytime, and nighttime urine albumin excretion. Six of 7 HT-2 (86%), 7 of 17 (41%) HT-1, and 14 of 31 (45%) NT subjects with valid 24 h urine collections had Clcr in the hyperfiltration range (Ͼ120 mL/min/1.73 m 2 , P ϭ .11). Only four subjects (three NT and one HT-1) had microalbuminuria, defined as nocturnal albumin ex- 
DISCUSSION
The findings in this study do not establish an association between hypertensive target organ damage in adolescence and decreased diurnal BP fall. Although subjects with left ventricular hypertrophy (HT-2) had the lowest absolute and percent decrease in BP at night for systolic, diastolic, and mean arterial pressures, these measures did not differ significantly from subjects with normal left ventricular mass (NT and HT-1). Systolic cusum plot height (CPH), representing the extent and duration of circadian BP variation, was Values are means Ϯ SD prior to adjustment for covariates. P value adjusted for effects of covariates.
NT, normotensive; HT-1, hypertensive group 1 (normal LV mass index); HT-2, hypertensive group 2 (elevated left ventricular mass index); UAE, urine albumin excretion.
For 24 h urine measures n ϭ 31 for NT, n ϭ 17 for HT-1, and n ϭ 7 for HT-2.
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significantly greater in HT-2 than normotensive (NT) subjects, but did not differ from HT-1 subjects. Previous studies have demonstrated higher nocturnal BP levels in hypertensive than normotensive adolescents, [21] [22] [23] [24] [25] but little information is available comparing diurnal BP fall between these groups. 21 In one study, 14 children with borderline or mild hypertension were compared with 123 normotensive children. The hypertensive children had an average day-night BP fall of 10.9 Ϯ 9.4 mm Hg for systolic BP and 12.0 Ϯ 7.1 mm Hg for diastolic BP, 2 to 3 mm Hg below but not significantly different from the normotensive group. 21 To our knowledge, this is the first study to address the issue of diurnal BP patterns and hypertensive target organ damage in adolescence.
Our findings are in contrast with some, 1, 26, 27 but not all, 28, 29 reports of adults suggesting that subjects with less diurnal BP fall have greater left ventricular mass. Most of these studies have classified subjects as dippers or nondippers based on whether the reduction in systolic, diastolic, or mean BP is above or below an arbitrary value of 10 mm Hg or 10%. Using a 10% reduction in day-night BP fall to separate dippers and nondippers, 22 of 62 subjects (35%) in the present study would have been classified as nondippers using systolic BP, but only four subjects if diastolic BP was also included (2 HT-2, 1 HT-1, and 1 NT subject). A night-day ratio of Ն 100% (ie, day-night BP fall of Յ 0) for systolic and diastolic BP has recently been suggested as a more appropriate definition of nondipping, as this value closely approximates the 95th percentile of the night-day ratio in a large database of normotensive adults. 30 As similar normative data is lacking for nocturnal BP fall during adolescence, we chose to compare diurnal BP patterns after grouping subjects according to their left ventricular mass index and BP status.
Our findings do support previous studies in offspring of hypertensive parents showing a better correlation of ambulatory systolic BP than casual systolic BP with left ventricular mass. 31, 32 In one of these studies, 49 normotensive adolescents and young adults, aged 16 to 24 years, underwent ambulatory BP monitoring and M-mode echocardiography. Twenty-four hour systolic BP (r ϭ 0.43) was found to correlate significantly better with left ventricular mass indexed for body surface area than office BP measures (r ϭ 0.17). 31 In another study, similar measures were evaluated in 45 high school and university students with and without a parental history of hypertension. Again, 24 h ambulatory systolic BP was more highly correlated with LV mass (r ϭ 0.47) than casual systolic BP (r ϭ 0.38). 32 Night-time systolic BP showed better correlation with left ventricular mass than daytime or 24 h ambulatory systolic BP in the present study, as reported previously in adults. 1, 26, 33 This finding, however, has been challenged recently in a metaanalysis of 19 comparative studies. 34 One difficulty in comparing these studies is the use of different definitions to define day and night. We chose to define day and night individually for each subject using reported sleep and waking times. This individualized approach has been shown to be more meaningful and reproducible. [35] [36] [37] [38] Fixed time methods overestimate the level of BP dur- ing sleep, and underestimate day-night BP change depending on the amount of misclassification of active and sleep periods. 37 Children noted to be hypertensive based on casual BP may be reclassified as normotensive or as having ''white coat hypertension'' based on ambulatory BP monitoring. 23, 25 Little normative ambulatory BP data is available for the pediatric age group. 38 -40 Comparing mean 24 h systolic BP of our subjects to the 90th percentile for height from the largest published set of pediatric norms, 38 only 9 of 62 subjects would have been reclassified into another group. Analysis of diurnal BP measures after reclassification of these subjects did not change our results.
The relative roles of blood pressure, lean body mass, obesity, and other factors on left ventricular hypertrophy are not completely established. Some studies suggest that casual systolic BP [41] [42] [43] [44] or exercise systolic BP 45, 46 influence left ventricular mass, whereas other studies found that these factors did not. 47, 48 One recent study found lean body mass, as measured by dual energy x-ray absorptiometry (DEXA), to be a more important determinant than casual systolic BP or fat mass on left ventricular mass in normotensive children. 49 Whether ambulatory BP or exercise BP would further explain the variance in left ventricular mass in normotensive or hypertensive adolescents remains unknown. 49 Renal abnormalities seen in adults with essential hypertension include hyperfiltration, reduced renal functional reserve, and microalbuminuria.
2,4-6 Our finding of hyperfiltration in 54% of hypertensive adolescents, as defined by a Clcr Ͼ 120 mL/min/1.73m 2 , confirms the previously reported prevalence of 49% in this population. 3 Nearly all of our adolescents demonstrating hyperfiltration, however, had Clcr within two standard deviations of the mean value for their age.
14 Hypertensive adults with hyperfiltration have been reported to have reduced RFR. 50 We found no difference between BP groups for RFR. Wide variability in Clcr was present in our subjects, however, making interpretation of RFR data difficult. A more sensitive measure of glomerular filtration rate with inulin or iothalamate and the ability to determine urine flow rate reliably may be necessary to measure RFR accurately in this population. Microalbuminuria was found in only one hypertensive subject, suggesting that this measure of renal injury is uncommon in hypertensive adolescents without renal disease (eg, diabetic nephropathy).
In summary, the findings from this study do not support an association between decreased diurnal BP fall and target organ damage in adolescents with borderline or mild essential hypertension. In our population, hypertensive adolescents with left ventricular hypertrophy have similar levels of diurnal blood pressure fall, Malb excretion, and RFR compared to normotensive and hypertensive adolescents with normal left ventricular mass. Nocturnal systolic BP was correlated most closely with left ventricular mass index.
